SUMMARY Flexor reflex afferent nerve fibres have been identified in the mixed peripheral nerve and measurement of their conduction velocity has been carried out. It has been demonstrated that the flexor reflex afferent fibres have a higher threshold of stimulation than the motor fibres supplying the foot muscles. The effect of conditioning volleys in the flexor reflex afferent fibres on the H reflex has been determined and reciprocal inhibition of extensor motoneurones has been found to be related to the second component of the flexor reflex. Kugelberg, in 1948 , first investigated the cutaneous afferent nerve fibres involved in the Babinski plantar response (Babinski, 1896 (Babinski, , 1898 
, first investigated the cutaneous afferent nerve fibres involved in the Babinski plantar response (Babinski, 1896 (Babinski, , 1898 , and the pathological flexor reflex. He noted two different reflex responses with quite separate latencies and came to the conclusion that the first response was due to stimulation of the delta group of A fibres, and that a later, more tonic response was due to C fibre stimulation in the afferent reflex arc. Pederson (1954) evoked flexor reflex responses in normal subjects and in patients with various lesions of the spinal cord by electrical stimulation of the tibial nerve and found that the latency of reflex responses in general flexors was too brief for the afferent impulse to have traversed the delta group of fibres. Hagbarth (1960) noted that the latency of inhibitory responses in the gluteus maximus and vastus medialis muscles, produced by cutaneous stimulation, gradually decreased as the stimulus was moved upwards in the limb. He estimated the conduction velocity in the afferent fibres to be 33 to 40 m/sec, a rate which indicated that larger sensory fibres than those of the delta group were involved. After reviewing previous studies on human polysynaptic reflexes, Kugelberg (1962) con- cluded that attempts to measure the conduction velocity of the flexor reflex afferent nerves in man had as yet produced equivocal results.
To obtain precise information on the integrity or degree of damage to the reflex pathways it is important to identify the afferent fibres mediating the reflex. In the present study these fibres have been identified in the human tibial nerve 
METHOD
Seven normal healthy subjects, five females and two males, 14 to 49 years of age, were examined. The room temperature was maintained around 80°F (26-6°C). Stimulation was carried out electrically from a DISA Multistim through an isolation transformer. Electromyographic activity was recorded with clip electrodes which were connected by a cathode follower input through Tektronix type 122 preamplifiers to separate beams of a Nagard cathode ray oscilloscope and filmed on 70 mm unperforated film. For measuring the conduction velocity of the flexor reflex afferent fibres, the tibial nerve was stimulated at the level of ankle and knee in all the normal subjects. Electrical shocks, consisting of 20 msec trains of 1 msec square wave pulses were delivered with DISA surface bi-polar stimulating electrodes. The stimulus amplitude ranged from 10 to 50 V. The reflex response was recorded from the tibialis anterior muscle in the usual manner (Shahani, 1968 (Shahani, , 1969 Figure 2 shows electromyographic activity recorded simultaneously from the tibialis anterior muscle (lower tracing in each frame) for recording the reflex response and the short flexors of the toes (upper tracing in each frame) for recording the direct motor response. When low intensity shocks were applied to the tibial nerve at the level of the ankle, only the direct muscle response could be recorded ( Fig. 2A) . As the strength of stimulus was increased, in addition to late responses recorded in the short flexors of the toes, there appeared a reflex response in the tibialis anterior muscle (Fig. 2C ). With further increase in the strength of stimulus the reflex response was more pronounced (Fig. 2D , E, F).
CONDUCTION VELOCITY AND CENTRAL DELAY When the electrical stimulus was applied to the tibial nerve at the level of the ankle, it was possible to deliver supramaximal shocks in all the subjects. The minimal reflex latency (measured from the onset of stimulation) ranged from 52-62 msec with an average of 55 msec. Although it was possible to deliver a supramaximal stimulus to the tibial nerve at the level of the ankle, this was not possible when this nerve was stimulated in the popliteal fossa in six out of seven subjects. Therefore, values for minimal reflex latency could not be estimated in these cases when the tibial nerve was stimulated in the popliteal fossa. In one subject, who had a relatively low threshold flexor reflex, it was possible to deliver supramaximal shocks to the tibial nerve both at the level of the ankle and the popliteal fossa. responses recorded from the tibialis anterior muscle after stimulation of the tibial nerve at the ankle (Fig. 3A) and in the popliteal fossa (Fig. 3B) (Kugelberg, Eklund, and Grimby, 1960; Gassel and Trojaberg, 1964 ) the conduction time up to the level of head of fibula was calculated, which was 13-5 msec, to which was added 5-5 msec which was the terminal latency for the direct motor response in the tibialis anterior muscle, evoked by stimulation of the lateral popliteal nerve at the level of the head of the fibula. Therefore, the efferent conduction time must be 19 msec. Since the conduction time along the afferent and efferent limbs of the arc was 46 msec and the latency for the reflex response 52 msec, there must be central delay of 6 msec. a test stimulus to the tibial nerve in the popliteal fossa, at intervals of time after a conditioning volley in the flexor reflex afferent fibres and the low threshold cutaneous afferent fibres has been carried out (Fig. 4) .
With weak tibial nerve stimulation at the ankle, an evident facilitation occurred-that is, the size of the H reflex was enhanced. This potentiation reached its peak about 100 to 150 msec after the conditioning stimulus and then gradually returned to normal. With stronger conditioning stimuli and hence stronger activation of flexor reflex afferent fibres, initial facilitation was followed by a prolonged period when the test reflex was diminished. This inhibition was most marked at 150 to 250 msec after the conditioning volleys and then recovered slowly to normal over several hundred msec. Figure 5 shows the changes in the test reflex when it was preceded by a weak conditioning stimulus to the sural nerve. It is quite evident that the early facilitation of the H reflex noted here is similar to that when the conditioning stimuli consisted of low intensity shocks to the tibial nerve at the ankle. only cutaneous fibres supplying the sole of the foot but also group II and III muscle afferent fibres, which are classified as flexor reflex afferents (Eccles and Lundberg, 1959) . Since similar stimulation of the anterior tibial nerve either at the level of the ankle or at the level of head of the fibula failed to elicit the flexor reflex, it was concluded that stimulation of group II and III muscle afferent fibres alone could not be responsible for the reflex responses produced in the tibialis anterior muscle by stimulation of the tibial nerve. Indeed, the marked similarity between the flexor reflex evoked by electrical stimulation of the sole of the foot and that produced by stimulation of the tibial nerve suggests that the afferent fibres concerned are in fact cutaneous nerve fibres supplying the sole of the foot.
In normal man adequate stimulation of the sole of the foot, either mechanical or electrical, results in plantar flexion of the toes, which is accompanied by dorsiflexion at the ankle, and flexion at the knee and hip (Kugelberg et al, 1960; Grimby, 1963 (Magladery and McDougal, 1950) . In order to avoid that confusion, the flexor reflex response was recorded from the tibialis anterior muscle, which in most instances is the first muscle to contract reflexly after electrical stimulation of the sole of the foot or the tibial nerve (Shahani, 1969) . It has already been established that the threshold for stimulation of group I A fibres is lower than that for the stimulation of the motor fibres (Magladery and McDougal, 1950) . The present study proves that the threshold for stimulation of the flexor reflex afferent fibres is relatively higher than that of the motor fibres. Thus a definite relationship between the threshold of stimulation and the conduction velocity in the human peripheral nerve fibres has been established.
There are probably two main reasons for not being able to deliver supramaximal shocks to the tibial nerve proximally. Firstly, there is an anatomical reason in that the tibial nerve is not as superficial in the popliteal fossa as it is behind the medial malleolus. Secondly the tibial nerve in the popliteal fossa, in addition to cutaneous fibres from the foot and the afferent fibres from the small muscles of the foot, also has large afferent fibres (group I A) from the gastrocnemius-soleus muscle which have inhibitory effects on flexor motoneurones. It is, therefore, not surprising that it should be easier to evoke the flexor reflex when the stimulus to the tibial nerve is delivered more distally before the large sensory fibres from the antagonists of the tibialis anterior muscle join this nerve.
In spite of these difficulties it was possible to measure conduction velocity of the flexor reflex afferent fibres in one subject by direct stimulation at two different sites. Since the minimal reflex latencies evoked by direct stimulation of the afferent fibres in different subjects averaged 55 msec, it is fair to assume that the conduction velocity of flexor reflex afferent fibres in man must be in the range of 37 m/sec. It might have been possible to evoke reflex responses with briefer latency if the flexor muscles were allowed to have a degree of facilitatory voluntary background activity (see Hagbarth, 1960) . Although in these conditions accurate measurements are not possible, it appears that the reflex latency is thus shortened by 3 to 4 msec. Taking account of these factors, the central delay for the human flexor reflex must be 2 to 3 msec, which is similar to that described for the human abdominal reflex (Kugelberg and Hagbarth, 1958) and is comparable with that of spinal polysynaptic reflexes in animals (Eccles and Sherrington, 1931; Creed, Denny-Brown, Eccles, Liddell, and Sherrington, 1932; Lloyd, 1943) .
In man, the determination of the recovery curves of the H reflex using the double stimulation technique has been extensively employed as a method for testing the excitability of the spinal motoneurone pool Paillard and Turner, 1953; Paillard, 1959; Taboriikova and Sax, 1969) . The alteration in the motoneurone excitability produced by conditioning volleys in the tibial nerve at the level of the ankle was also noted by . When the stimulus was weak only early facilitation was noted, whereas if the strength of stimulus was increased, the initial enhancement of the test reflex was followed by inhibition with gradual recovery to normal. These changes in the motoneurone excitability were attributed to conditioning by impulses arising in the axons innervating the synergistic muscles-that is, the small muscles of the foot. From latency measurements, it was shown that these conditioning effects arose through the intermediary of interneurones.
Since the sole of the foot is the best receptive field for both the flexor reflex and the extensor thrust, the tibial nerve must contain cutaneous fibres mediating both these reflexes. It is possible, therefore, that stimulation of low threshold cutaneous afferent fibres supplying the sole of the foot could produce facilitation of the extensor motoneurones. This, in fact, appears to be so because sural nerve stimulation with low intensity shocks produced similar facilitation. With increasing strength of stimulation, not only large cutaneous fibres which produce facilitation but high threshold afferent fibres (flexor reflex afferents) are stimulated. The latter produce facilitation of flexor motoneurones with reciprocal inhibition of extensor motoneurones. From the time course of the inhibitory effects produced by flexor reflex afferent volleys it is apparent that these effects are most marked at a time when excitation of flexor motoneurones would produce the second component of the flexor reflex. It has already been shown that it is the second component of the flexor reflex which results in withdrawal movement (Shahani, 1968 (Shahani, , 1969 and in the light of that observation it is not surprising that the reciprocal inhibition of the extensor motoneurones is related to the second component.
There has been a general tendency to interpret all the findings of the H reflex investigations as if the alteration in the excitability of extensor motoneurones is produced only by a volley of muscle afferent impulses when the conditioning and test shocks are delivered to the tibial nerve in the popliteal fossa Paillard, 1959; Tabatikova and Sax, 1969) . It must be emphasised, however, that the tibial nerve contains not only muscle afferent fibres from the calf muscles and the small muscles of the foot, but also cutaneous sensory fibres supplying the sole of the foot and the extensor surface of the leg. Since cutaneous stimulation of the lower limb can evoke ipsilateral extensor or flexor reflex (Hagbarth, 1952 (Hagbarth, , 1960 , the afferent input from the sensory fibres mediating these reflexes must have a profound effect on the excitability of the extensor motoneurones. The present study has demonstrated that stimulation of low threshold cutaneous afferent fibres produces predominantly facilitatory effects in the extensor motoneurones in man. It is possible that these fibres may be responsible for ipsilateral extensor reflexes in the human lower limb. On the other hand, stimulation of high threshold cutaneous afferent fibres in man not only evokes the flexor reflex but produces reciprocal inhibition of the extensor motoneurones.
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